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Received 11 October 2012; revised 24 January 2013; accepted 25 February 2013AbstractBackground: Cognitive impairment is prevalent among older adults and results in degraded quality of life for older adults. As the population
ages, this may cause a huge burden to society. Research has demonstrated that physical exercise is beneficial to cognitive function. The purpose
of this meta-analysis was to critically assess the effect of Tai Chi exercise on global cognitive, executive, and memory functions in older adults.
Methods: After a thorough electronic search and selection, eight studies were included in this meta-analysis with two cross-sectional and six
intervention studies. Nine variables included in this meta-analysis were: mini mental status examination (MMSE), Alzheimer’s disease
assessment scale-cognitive subscale (ADAS-cog), trailmaking test part A (TMA), trailmaking test part B (TMB), digit span test forward (DSF),
digit span test backward (DSB), visual span test backward (VSB), verbal fluency test (VFT), and word delay recall test (WDR). The effect sizes
and forest plots of these nine variables were generated.
Results: Four (MMSE, DSB, VSB, and VFT) out of nine variables were significantly improved after Tai Chi exercise with the effect sizes ranged
from 0.20 to 0.46 (small to medium). MMSE represented global cognitive function, and DSB, VSB, and VFT represented memory function.
Conclusion: Tai Chi as a mind-body exercise has the positive effects on global cognitive and memory functions, and more consistent positive
effects were found on memory function, especially verbal working memory.
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Among the people aged 71 years or older, approximately
22% experienced cognitive impairment, no dementia (CIND)1
and an additional 18% of these older adults (71 years or older)* Corresponding author.
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http://dx.doi.org/10.1016/j.jshs.2013.09.001in the U.S. are suffering from Alzheimer disease (AD) or other
forms of dementia.2 Therefore, roughly 40% of older adults in
America have some form of cognitive impairment. However,
the onset of cognitive impairment and/or dementia may start at
age early 50s.3 As the absolute number of older adults in-
creases, the high prevalence of cognitive impairment could
bring an enormous economic burden to society. For example,
aggregate payments for health care, long-term care and hos-
pice for people with dementias are projected to increase from
$200 billion in 2012 to $1.1 trillion in 2050, and the Medicare
and Medicaid cover about 70% of the costs of care.4 Finding
ways to manage cognitive impairment is rather important for
society. Physical exercise may be an important tool for man-
aging cognitive health. As a result, many organizationsng by Elsevier B.V. Open access under CC BY-NC-ND license.
194 Y. Wu et al.recommend physical exercise as an approach to prevent CIND,
AD, or other forms of dementia.5
How to manage cognitive impairment is of interest to many
scientists. From a life-span perspective, researchers consider
the development of cognitive functions as a process of lifelong
adaption and they investigate approaches which may be
effective throughout one’s lifetime.6 Intellectual experience
and physical exercise were two approaches that influence
cognitive functioning.7 Mind-body (MB) exercise is combi-
nation of physical exercise and intellectual experience. MB
exercise, a subcategory of physical exercise, has been used for
a long time in the East and now is gaining popularity and
interest in the West.8 Compared to other exercise forms, the
unique characteristics of MB exercise consist of four identi-
fiable elements: a focus on mind, movement, breathing, and a
deeply relaxed state.9 Chan and associates8 stated that MB
exercises emphasize the conscious control of each body
movement, through slow movements where increased atten-
tion is paid to each movement. Moreover, a peaceful and
relaxed state of mind is required during the practice of MB
exercise. Because of these properties, MB exercise may be
considered a combination of physical exercise and intellectual
experience, which in turn, may have greater cognitive benefits
than other forms of exercise, such as walking and jogging.
In America, Tai Chi, also known as Tai Chi Chuan origi-
nated from ancient China, is a well accepted MB exercise. Tai
Chi is the combination of ancient Chinese philosophy and
martial art. The philosophy of Yin and Yang, two opposing
and independent forces is applied into the design of Tai Chi
movements.10 Practicing Tai Chi is actually activating the
interaction of Yin and Yang energy within human body, and
increasing the energy of human body and function of daily
activities.11 Tai Chi has been described as an exercise, a dance,
a method of achieving mental peace and relaxation, and a
philosophy of life.12 As an MB exercise, Tai Chi implements
cognitive tools of both visualization and focused internal
awareness. Therefore, Tai Chi can train attention in a dual-task
fashion with the eyes focusing on leading arm and the mind
focusing on the breathing and movement sequence.13 Tai Chi
exercise increases self-awareness and at the same time relaxes
the mind and body. The findings of a Tai Chi study by Lam
and associates14 showed that a simplified form of Tai Chi
developed specifically for the elderly improved cognitive
functions as well as coordinated cognitive integration of
attention, voluntary motor actions, and postural control. Verbal
and visual imagery required during Tai Chi practice may
provide additional cognitive stimulation. Kasai and associate15
examined the effect of a 6-month Tai Chi intervention on
cognition of elderly women with mild cognitive impairment
(MCI) and found a significant improvement in memory
performance.
However, most Tai Chi studies on cognitive functioning are
of small sample size, and the effects of the Tai Chi exercise on
cognitive function has not been well summarized in a sys-
tematical format. Therefore, the purpose of this meta-analysis
was to critically assess the effects of Tai Chi exercise on
cognitive function in terms of global cognitive, executive, andmemory functions in older adults. It was hypothesized that
as an MB exercise, Tai Chi would have positive effects on
cognitive function in older adults.
2. Methods2.1. Search strategyStudies that investigated the possible cognitive benefits of
Tai Chi exercise were identified through a computerized
search of all electronic databases: AgeLine, CINAHL, Med-
line, PsycINFO, PubMed, SPORTDiscus, and Web of Science.
Articles published from January 1st, 1992 to July 1st, 2012
were included in this study. Relevant keywords relating to
cognitive function (“cognitive” or “cognition” or “cognitive
function”) were used in combination with words relating to
MB exercise (“mind-body” or “Tai Chi”) and words relating to
study subjects (“older adults” or “elderly”).
Eligible studies were included if theymet all of the following
criteria: (1) study had original data; (2) the effect of Tai Chi
exercise over cognitive function was the primary or secondary
outcome; (3) research subjects were older adults (55 years and
older); (4) clear definitions of domains of cognitive function and
methods used to assess cognitive performancewere reported; (5)
article was written in English or translated into English; (6)
participants in control group had no exercise or low intensity
exercise such as stretching and muscle toning, and (7) all data
required for meta-analysis were from intervention studies with
experiment and control groups, intervention studies with one
group, and cross-sectional studies. The required data for inter-
vention studies with experiment and control groups included
sample size of experiment and control groups, mean score and
standard deviation of pre- and post-test of experiment and
control groups. In the case of data where pre- and post-test
scores were not reported, mean score and standard deviation
of change between two tests of experiment group and control
group were required. For intervention studies with one group,
required data included sample size, mean score and standard
deviation of both pre- and post-test. In the case of data where
pre- and post-test scores were not reported, mean score and
standard deviation of change between two tests were required.
For cross-sectional studies, required data included sample size
of both experiment and control groups, mean and standard de-
viation of tests scores between experiment and control groups.2.2. Study selectionThe searches of the study selection in the electronic databases
were performed in July, 2012. After excluding duplication, 126
articles were retrieved. Thirteen studies were identified after
evaluating titles and abstracts of the articles. After evaluating the
full text of the articles, two studies were excluded because the
intervention included a control group that received a high in-
tensity of exercise or cognitive training; three studies were
excluded due to lack of identification of what domains of
cognitive function have been investigated. Eight studies were
included in this meta-analysis.14e21 Among these eight studies,
Effects of Tai Chi on cognitive function 195two were cross-sectional studies18,19 and six were intervention
studies.14e17,20,21 In the study of Lam and associates,18 Tai Chi
practitioners were stratified into two groups based on the years
of their practicing Tai Chi, and this study were treated as two
independent sets of data in meta-analysis. In the study of Chang
and associates,16 participants naturally separated into two group
based on intervention compliance, high dosage group and low
dosage group, these two groups were treated as experiment
group and control group in meta-analysis. Also among these
eight studies, the Yang style were used in two studies,14,15 the
Sun style were used in two studies,16,20 theWu style was used in
one study,19 and the three remaining studies17,18,21 just
mentioned simple Tai Chi and did not specify which style was
used in the intervention.2.3. Data extractionAll data were reviewed and separately extracted using a
standardized form of Excel in Microsoft Office 2010
(Microsoft Corporation, Redmond, WA, USA). The following
study characteristics were recorded if they were available:
author, year of publication, type of study, frequency and
duration of intervention for intervention studies, and years of
practice, as well as frequency of practice for cross-sectional
studies. All eight studies used different numbers of neuro-
psychological tests: number varies from two to 12. In addition,
studies tested different domains of cognitive function,
including global cognitive, executive, and memory functions
are presented in Table 1.
These eight studies involved 891 participants who were
older adults (55 and older). For seven studies, more than 90
percent participants were women and one study had 66.7%
female participants.19 Regarding the cognitive capacity of
participants, five studies had older adults without dementia or
other severe psychological condition; however, three studies
investigated cognitive benefits for older adults with mild
cognitive impairment (MCI) or without dementia.14e16 These
studies are summarized in Table 2.2.4. Statistical analysisFrom the 26 psychological tests in the included studies,
nine variables in Table 2 were selected for meta-analysis. InTable 1
Three domains of cognitive function.
Domains Examinations
Global cognitive function Mini mental status examination (MMSE)
Alzheimer’s disease assessment
scale-cognitive subscale (ADAS-cog)
Memory function Digit span test forward (DSF)
Digit span test backward (DSB)
Visual span test backward (VSB)
Verbal fluency test (VFT)
Word delay recall test (WDR)
Executive function Trailmaking test part A (TMA)
Trailmaking test part B (TMB)order to be included in the meta-analysis, at least three sets of
data were required with each data set including an experi-
mental group and a control group. Test variables included in
this meta-analysis were: mini mental status examination
(MMSE), Alzheimer’s disease assessment scale-cognitive
subscale (ADAS-cog), trailmaking test part A (TMA), trail-
making test part B (TMB), digit span test forward (DSF), digit
span test backward (DSB), visual span test backward (VSB),
verbal fluency Test (VFT), and word delay recall test (WDR).
These tests measured general cognitive function, executive
function, and memory function. Meta-analysis results of these
nine variables were summarized and presented in forest plots
blow. For each study, the effect size (ES) was calculated.22 For
one group intervention studies, ES is the difference between
test scores of pre- and post-test. For cross-sectional studies, ES
is the difference in test scores between two cohorts. A positive
value for ES indicates more favorable outcome scores for the
group of interest, a negative ES indicates more favorable
outcome for the control group. Usually, researchers define ES
as small (0.2  ES < 0.4), medium or moderate
(0.4  ES < 0.6) and large (ES  0.6) with p < 0.05.23 The
analyses of overall ES were implemented using random-
effects model.24
3. Results
The results of the effect sizes and forest plots of the
aforementioned nine variables are described as follows.3.1. MMSEFive studies involving 785 participants used MMSE.14,16e19
In the study of Lam et al.,18 Tai Chi practitioners were strat-
ified into two groups based on the years of practicing, and this
study was treated as two independent sets of data in meta-
analysis. Therefore, there were in total six sets of data.
Three sets of data were from intervention studies14,16,17 and
three sets of data were from cross-sectional studies.18,19
Overall, there was a significant difference between experi-
ment and control groups in MMSE score (95% CI,
0.06e0.50), and the mean ES was 0.28, p < 0.05 (Table 3),
which is considered a small ES.3.2. ADAS-cogTwo trials involving 648 participants used ADAS-cog,14,18
and in total there were three sets of data. One set of data was
from interventional study14 and two sets of data were from
cross-sectional study.18 Overall, there was no significant dif-
ference between MB exercise and control groups in the
ADAS-cog score (95% CI, 0.04 to 0.35), the mean ES was
0.16, p > 0.05 (Table 4).3.3. TMAThree trials involving 389 participants used TMA.14,17,20
These sets of data were from intervention studies. Overall,
Table 2
Eight included Tai Chi studies for cognitive function.
Studies Type of study Group size Cognitive condition Experimental group Control group Cognitive functions Cognitive measures
Man et al.19 Cross-sectional E: n ¼ 42
C: n ¼ 44
No dementia Mean value of Tai Chi
practicing is 7.8 years
No exercise Global cognitive status
Memory attention
MMSE
Hong Kong list learning test
RBMT, Color trail test
Lam et al.18 Cross-sectional E1: n ¼ 54
E2: n ¼ 36
C: n ¼ 229
No dementia E1: practice >5 years
E2: practice <5 years
No exercise Global cognitive status
Memory
MMSE, ADAS-cog
DSF, DSB, Delay recall
Category verbal fluency test
Mortimer et al.21 Interventional E: n ¼ 30
C: n ¼ 30
No dementia 50 min/day
3 day/week
40 weeks
No exercise Memory
Executive
Attention
DSF, DSB, TMA, TMB
Stroop test, Rey figure test
Bell cancelation test
Auditory verbal learning
Boston naming test
CDT, DRS, Category verbal fluency
Kwok et al.17 Interventional E: n ¼ 20
C: n ¼ 20
No dementia 40 min/day
1 day/week
8 weeks
Stretching Global cognitive status MMSE
DRS
Lam et al.14 Interventional E: n ¼ 135
C: n ¼ 194
No dementia 30 min/day
(3þ) days/week
1 year
Stretching
Toning
Global cognitive status
Memory
Executive
MMSE, ADAS-cog
Category verbal fluency
Delay recall, DSF, DSB
VSF, VSB, TMA, TMB
Kasai et al.15 Interventional E: n ¼ 13
C: n ¼ 13
With MCI 2 sessions/week
4 weeks/month
6 months
No exercise Memory RBMT, DSF, DSB
Subjective memory complaint scale
Matthews and Williams20 Interventional n ¼ 20 No dementia Tai Chi
30 sessions over 10 weeks
No exercise Executive TMA, TMB, CDT
Digit symbol substitution
Chang et al.16 Interventional High dosage:
n ¼ 8
Low dosage:
n ¼ 3
With MCI (20e40) min/day
2 days/week
15 weeks
Low dosage Global cognitive status
Memory
Attention
MMSE, Digit span
Digit symbol coding
Stroop test
Hopkins verbal learning delay recall test
Hopkins verbal learning immediate recall test
Abbreviations: MCI ¼ mild cognitive impairment; MMSE ¼ mini mental status examination; RBMT ¼ rivermead behavioral memory test; ADAS-cog ¼ Alzheimer’s disease assessment scale-cognitive subscale;
DSF ¼ digit span test forward; DSB ¼ digit span test backward; TMA ¼ trailmaking test part A; TMB ¼ trailmaking test part B; CDT ¼ clock drawing test; DRS ¼ dementia rating scale; VSF ¼ visual span test
forward; VSB ¼ visual span test backward.
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Table 3
Effective size (ES) and forest plot of mini mental status examination (MMSE).
Effect size Forest plot
Study Weight (%)
Random, 95%CI
Random, 95% CIES Low High
Kwok et al.17 9.42 0.25 -0.38 0.88
Lam et al. 14 29.30 0.03 -0.18 0.25
Chang et al.16 1.96 1.87 0.33 3.41
Man et al.19 16.04 0.47 0.04 0.90
Lam et al.18 (> 5 years) 23.33 0.33 0.03 0.63
Lam et al.18 (< 5 years) 19.95 0.31 -0.04 0.66
Total 100 0.28 0.06 0.50 Test for overall effect: Z = 2.51 (p = 0.01)
Notes:  Q = 9.31, df = 5, C = 137.28, T2 = 0.03.
Effects of Tai Chi on cognitive function 197there was no significant difference between Tai Chi exercise
group and control group in TMA score (95% CI, 0.13 to
0.92), and the mean ES was 0.41, p > 0.05 (Table 5), which is
considered a medium ES.3.4. TMBThree studies involving 389 participants used TMB.14,17,20
These sets of data were from intervention studies. Overall, the
difference between experiment and control groups in TMB
scores was not significant, but it was on the borderline (95%
CI, 0.01 to 1.01), and the mean ES was 0.46, p ¼ 0.05 (Table
6), which is considered a medium ES.Table 4
Effective size (ES) and forest plot of Alzheimer’s disease assessment scale-cognit
Effect size
Study Weight (%) Random, 95%CIES Low High
Lam et al.14 46.33 0.02 -0.20 0.23
Lam et al.   (>5 years)18
Lam et al.   (<5 years)18
30.49 0.24 -0.06 0.54
23.18 0.35 -0.02 0.69
Total 100 0.16 -0.04 0.35
Notes: Q = 2.88, df = 2, C = 95.42, T2 = 0.01.3.5. DSFThree studies involving 415 participants used DSF.14,15,21
These sets of data were from intervention studies. Overall,
there was no significant difference between experiment and
control groups in DSF score (95% CI, 0.08 to 0.95), and the
mean ES was 0.43, p > 0.05 (Table 7), which is considered a
medium ES.3.6. DSBFive trials involving 734 participants used DSB.14,15,18,21 In
total, there were five sets of data; three sets of data fromive subscale (ADAS-cog).
Forest plot
Random, 95% CI
Test for overall effect: Z = 1.60 (p = 0.11)
Table 5
Effective size (ES) and forest plot of trailmaking test part A (TMA).
Effect size Forest plot
Study Weight (%) Random, 95%CI Random, 95% CIES Low High
Matthews and Williams20 27.17 0.40 -0.23 1.02
Kwok et al.17 30.62 0.90 0.37 1.43
Lam et al.14 42.21 0.05 -0.17 0.26
Total 100 0.41 -0.13 0.92 Test for overall effect: Z = 1.47 (p = 0.14)
Notes: Q = 9.04, df = 2, C = 40.16, T2 = 0.18.
198 Y. Wu et al.intervention studies,14,15,21 and two sets of data from cross-
sectional studies.18 Overall, there was significant difference
between experiment and control groups in DSB score (95%
CI, 0.06e0.76), and the mean ES was 0.41, p < 0.05 (Table 8),
which is considered a medium ES.3.7. VSBTwo trials involving 648 participants used VSB.14,18 In
total there were three sets of data. One set of data was from an
interventional study14 and two sets of data were from cross-
sectional studies.18 Overall, there was a significant difference
between experiment and control groups in the DSB score
(95% CI, 0.03e0.37), and the mean ES was 0.20, p < 0.05
(Table 9), which is considered a small ES.Table 6
Effective size (ES) and forest plot of trailmaking test part B (TMB).
Effect size
Study Weight (%) Random, 95%CIES Low Hig
Matthews and Williams20 25.82 0.52 -0.11 1.15
Kwok et al.17 29.98 0.86 0.33 1.39
Lam et al.14 44.20 0.14 -0.07 0.36
Total 100 0.46 -0.01 1.01
Notes: Q = 6.66, df = 2, C = 40.11, T2 = 0.12.3.8. VFTThree trials involving 708 participants used VFT.14,18,21 In
total there were four sets of data. Two sets of data were from
intervention studies14,21 and two sets of data were from cross-
sectional studies.18 Overall, there was a significant difference
between experiment and control groups in VFT score (95%
CI, 0.06e0.51), and the mean ES was 0.28, p < 0.05 (Table
10), which is considered a small ES.3.9. WDRThree trials involving 648 participants used WDR.14,18
Each group in this study was treated as an independent set
of data in meta-analysis, and in total there were three sets ofForest plot
Random, 95% CIh
Test for overall effect: Z = 1.93 (p = 0.05)
Table 7
Effective size (ES) and forest plot of digit span test forward (DSF).
Effect size Forest plot
Study Weight (%) Random, 95%CI Random, 95% CIES Low High
Kasai et al.15 22.52 0.75 -0.05 1.54
Lam et al.14
et al.21
45.01 0.07 -0.14 0.29
32.47 0.72 0.20 1.24
Total 100 0.43 -0.08 0.95 Test for overall effect: Z = 1.66 (p = 0.09)
Notes: Q = 6.96, df = 2, C = 35.28, T2 = 0.14.
Mortimer
Effects of Tai Chi on cognitive function 199data. One set of data was from an interventional study14 and two
sets of data were from a cross-sectional study.18 Overall, the
difference between experiment and control groups in WDR
scores was not significant, but it was on the borderline (95% CI,
0.03e0.30), and the mean ES was 0.18, p ¼ 0.05 (Table 11),
which is considered small.
4. Discussion
Considering the significance and the values of ES from the
combined studies,14e21 results from the present meta-analysis
showed that Tai Chi exercise would have cognitive benefits on
the global cognitive function and memory function, especiallyTable 8
Effect size (ES) and forest plot of digit span test backward (DSB).
Effect size
Study Weight (%) Random, 95%CIES Low High
Kasai et al.15 11.49 0.75 -0.05 1.54
Lam et al.14 25.66 0.07 -0.14 0.29
Mortimer et al.21 17.37 0.72 0.20 1.24
Lam et al. (> 5 years)18 23.41 0.75 0.45 1.05
Lam et al. (< 5 years)18 22.07 0.04 -0.31 0.39
Total 100 0.41 0.06 0.76
Notes: Q = 18.61, df = 4, C = 121.79, T2 = 0.11.verbal working memory. However, the cognitive benefits over
executive function did not show consistency from the com-
bined studies.4.1. Global cognitive functionMMSE and ADAS-cog were used to evaluate the global
cognitive function level of participants. These screening tools
have been widely used to identify participants with dementia
or severe cognitive impairment. Both tools have different
components that look into specific domains of cognitive
function such as executive function, memory, processing
speed, and attention.Forest plot
Random, 95% CI
Test for overall effect: Z = 2.33 (p = 0.02)
Table 9
Effective size (ES) and forest plot of visual span test backward (VSB).
Effect size Forest plot
Study Weight (%) Random, 95%CI Random, 95% CIES Low High
Lam et al.14 48.94 0.33 0.11 0.54
Lam et al. (> 5 years)18 29.29 0.08 -0.22 0.38
Lam et al. (< 5 years)18 21.77 0.08 -0.27 0.43
Total 100 0.20 0.03 0.37 Test for overall effect: Z = 2.26 (p = 0.02)
Notes: Q = 2.37, df = 2, C = 96.16, T2 = 0.004.
200 Y. Wu et al.Results from this meta-analysis showed that after practicing
Tai Chi exercise, participants demonstrated some significant
improvements in MMSE scores, but not in ADAS-cog scores.
In addition, the overall ESs calculated from MMSE was 0.28
which is considered a small effect.
Before the onset of dementia, older adults usually do not
show noticeable decline in global cognitive function. Even
when MCI or CIND is identified, which indicates the presence
of cognitive impairment, older adults still can remain at a
normal level of global cognitive status.25 In seven trials where
these two tests were implemented, no participant had de-
mentia, and only 11 participants from one trial16 had MCI.Table 10
Effect size (ES) and forest plot of verbal fluency test (VFT).
Effect size
Study Weight (%) Random, 95%CIES Low High
Lam et al. (> 5 years)18 27.49 0.46 0.16 0.76
Lam et al. (< 5 years)18 23.10 0.18 -0.17 0.53
Lam et al.14 35.55 0.09 -0.13 0.31
Mortimer et al.21 13.86 1.59 0.07 1.11
Total 100 0.28 0.06 0.51
Notes: Q = 5.70, df = 3, C = 113.24, T2 = 0.02.This means that older adults in this sample all had relatively
good global cognitive function at baseline, therefore, no sig-
nificant improvement after practicing Tai Chi exercise is un-
derstandable. If the MCI and/or AD patients were the
participants in these studies, we might see more improvements
in global cognitive function among these patients since they
would have more room for improvements.4.2. Executive functionImplementation of goal-directed behaviors is heavily
reliant on normal executive function. In older adults,Forest plot
Random, 95% CI
Test for overall effect: Z = 2.49 (p = 0.01)
Table 11
Effect size (ES) and forest plot of word delay recall test (WDR).
Effect size Forest plot
Study Weight (%) Random, 95%CI Random, 95% CIES Low High
Lam et al. (> 5 years)18 30.33 0.32 0.02 0.62
Lam et al. (< 5 years)18 23.26 0.27 -0.07 0.63
Lam et al.14 46.41 0.04 -0.18 0.26
Total 100 0.18 0.03 0.30 Test for overall effect: Z = 2.19 (p = 0.05)
Notes: Q = 2.69, df = 2, C = 94.81, T2 = 0.007.
Effects of Tai Chi on cognitive function 201“impairment of executive processing function could bring
about difficulties in goal-directed activities such as: medica-
tion adherence, cooking, housekeeping, and motor tasks per-
formed in a complex environment”.26 TMA and TMB have
been widely used to investigate executive function. After
practicing Tai Chi exercise, participants did not show signifi-
cant improvement in their performances in TMA and TMB.
The results of this meta-analysis indicated that Tai Chi exer-
cise may not have significant cognitive benefits of executive
functions in older adults.
The calculated overall ESs for TMA and TMB were 0.41
and 0.46, respectively, which is considered medium or mod-
erate, however, both TMA and TMA did not reach the sig-
nificant level ( p < 0.05). Therefore, future research is
warranted to determine the effect of Tai Chi exercise on the
executive function, as measured by TMA and TMB.4.3. Memory functionFive screening tools were used to measure memory func-
tion of older adults in these eight studies. They were DSF,
DSB, VSB, VFT, and WDR. The participants have shown
statistical significant improvement in DSB, VBS, and VFT, but
not DSF and WDR. All these five tests were used to measures
short-term memory, however, each of these tests look into a
specific component of short-term memory. For example, DSF
and DSB are measurements for verbal working memory,
whereas VSB measures non-verbal working memory. The
differences between these five variables (tests) are beyond the
scope of this meta-analysis study and will not be discussed
here.
Examining the ES calculated for each variable (test),
practicing Tai Chi showed the effects on DSF (ES ¼ 0.43),
DSB (ES ¼ 0.41), VSB (ES ¼ 0.20), VFT (ES ¼ 0.28), andWRD (ES ¼ 0.18). All the calculated ESs showed moderate to
small effects, except for WRD.
Based on statistical significance and ES calculated from
these five tests, in general, Tai Chi exercise could be
considered beneficial for improvement of memory functions
in older adults; especially verbal working memory, which is a
cognitive system that is responsible for the temporary storage
and manipulation of information.27 This finding is significant
because verbal working memory is involved in many daily
tasks, from remembering sequences of numbers such as
phone numbers while writing them down, to understanding
long and difficult sentences in order to have a conversation.
In addition, verbal working memory is one of several
cognitive functions that is highly susceptible to decline in old
age.284.4. Additional strength of this studyA strength of the present study is that the results from this
meta-analysis are more thorough than that of a single small
sample study or a traditional literature review. Studies
included in this meta-analysis were mostly of small sample
size, and even though they have findings with statistical
significance, the true values of their findings were limited
and may not be generalized to the entire older population.
However, after combining the results from these studies, and
considering weights based on sample size, results from this
meta-analysis have more inferential implications for the
older population. For example, in the study of Mortimer
et al.,21 sample size was 60, individual ES calculated for
VFT from this study was 1.59, which was a very large ES.
However, after combining four sets of data, results based on
708 older adults showed that the overall ES calculated
from VFT was only 0.28, which was considered as a small
effect.
202 Y. Wu et al.4.5. Potential memory benefits for managing ADDecline in memory function is a major risk factor of AD.29
After the onset of AD, memory function will be the first
domainof cognitive function to be affected, and to bedeteriorated
the most during the whole course of AD.4 Because Tai Chi ex-
ercise can improve memory function of older adults, practicing
Tai Chi might be able to reduce the incidence of AD and even
slow its progression after onset.
Preventive effects of Tai Chi exercise on executive function
also may reduce the incidence of AD. Decline in executive
function is not a major risk factor for AD, however, it is
strongly associated with the early deterioration of physical
performance in individuals with amnesic MCI.21 Older adults
with lower levels of physical performance are less likely to be
engaging in physical exercise and are more likely to adopt a
sedentary lifestyle. Unfortunately, researchers have found that
inactive older adults have a significantly greater chance of
developing AD and other kinds of dementia than their physi-
cally active counterparts.9 Furthermore, Tai Chi is a low in-
tensity, safe form of exercise consisting of slow, relaxed, and
graceful movements that do not require as much strength and
endurance as other forms of exercise such as aerobic exercise
and strength training. Therefore, Tai Chi may be an easier and
more appropriate form of exercise for the elderly population
than aerobic exercise and strength training. Therefore, Tai Chi
may be an ideal alternative form of MB exercise for older
adults.4.6. LimitationThis meta-analysis has limitations, due to limited number
of studies, available data and variance between studies. Other
factors that may have affected the cognitive benefits of Tai Chi
practice include: intensity of each session, total time of the
intervention, quality of the Tai Chi instruction and learning
and the differences between forms of Tai Chi exercise prac-
ticed across studies. It is also possible that “file drawer” fact
(most of the journal editors favor positive results and publish
them) may limit this meta-analysis.
In order to better understand the effect of Tai Chi exercise
on cognitive function, future meta-analysis warrants more
studies with the standardized Tai Chi exercise procedure, and
including the MCI and/or AD patients in the studies as well.
Because the present meta-analysis included the nine cognitive
variables generalized from different studies, the results from
these studies may be biased. For example, studies with inter-
vention typically have small sample size, short time frame,
and more control over the quality of Tai Chi exercise practice.
On the other hand, cross-sectional studies typically have large
sample size, longer time frames, and less control over quality
of Tai Chi exercise practiced. For each ES, the weight distri-
bution was based on number of studies included and sample
size of each study. Every overall ES calculated in this meta-
analysis favored either short-term, relatively high quality of
Tai Chi exercise practice, or long-term practice of Tai Chi
exercise with no quality control. Furthermore, the cross-sectional studies may also affect the research results since
they were not the randomized control trials.5. Conclusion
Tai Chi as an MB exercise has positive effects on global
cognitive, executive, and memory functions. More statistically
significant benefits were found on memory function, especially
verbal working memory. Findings of the present meta-analysis
are in agreement with what researchers have demonstrated
about the benefits of physical exercise on cognitive function.
Therefore, Tai Chi may be an ideal alternative form of MB
exercise to improve cognitive function in older adults.References
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